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Study of transcranial direct current stimulation toward
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Summary of thesis contents

The main purpose of rehabilitation medicine is to enhance acquisition and/or
reacquisition of motor skills and reduce excessive pain sensations after various
central nerve injuries. Transcranial direct current stimulation (tDCS), a
neuroscience-based approach, is a novel rehabilitation tool for non-invasively
modulating cortical excitability. Although the neural mechanisms are not yet
completely clear, tDCS not only alters the spontaneous firing rate of neurons in the
stimulated cerebral cortex by altering the resting membrane potential, but also helps
to produce transient neuroplastic changes by altering synaptic function. In addition
to inducing these neurophysiological changes, tDCS can influence motor learning,
motor memory consolidation, and sensory sensation, as well as suppress pain
sensations, in healthy subjects and patients with central nerve injury. Thus, tDCS
could potentially enhance the therapeutic effect of conventional rehabilitative
approaches. In order to consolidate a novel rehabilitation approach, further studies
should test novel tDCS protocols with the goal of optimizing clinical applications of
tDCS. The two major objectives of this project were to examine the effects of tDCS on
motor skill acquisition and pain sensation, from the standpoint of clinical
applications. To achieve these objectives, I conducted a behavioral study and a
neurophysiological study.

In the first study, I sought to elucidate the effect of tDCS on motor skill acquisition.
Motor performance is improved with repetitive practice (i.e., online process), and is
subsequently stabilized or improved without additional (i.e. consolidation or off-line
process). The purpose of rehabilitation is not only to improve motor skills by practice;
1t is also important that the practiced motor skills can be maintained for a long
period of time. To explore these concepts, 28 healthy subjects (age = 25.2 + 2.7 years)
participated in an experiment with a single-blind, sham-controlled, between-group
design. Fourteen subjects practiced a ballistic movement with their left thumb during
dual-hemisphere tDCS. Subjects received 1 mA anodal tDCS over the contralateral
primary motor cortex and 1 mA cathodal tDCS over the ipsilateral primary motor
cortex for 25 min during the training session. The remaining 14 subjects underwent
identical training sessions, except that dual-hemisphere tDCS was applied for only
the first 15 s (sham group). All subjects performed the task again at 1 h and 24 h
later. Primary measurements examined improvement in peak acceleration of ballistic
thumb movement at 1 h and 24 h after stimulation. The improvement in peak
acceleration was significantly larger in the tDCS group (144.2 + 15.1%) than in the
sham group (98.7 + 9.1%) (p < 0.05) at 24 h, but not 1 h, after stimulation. The

results of the first study indicated that dual-hemisphere tDCS over primary motor
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cortex enhanced acquisition of ballistic thumb movements in healthy adults.

The second study was aimed at elucidating the effect of tDCS on brain activation
following noxious stimulation, with the goal of evaluating the possible benefits of
tDCS on moderate pain. Although previous studies reported that transcranial
magnetic stimulation over the opercular somatosensory region, which is among the
most common cortical areas to be activated bilaterally by noxious pain stimuli, can
modulate pain sensation, the effects of tDCS over this region require clarification. To
objectively quantify the effects of tDCS on noxious stimuli, I utilized
magnetoencephalography. Twelve healthy male subjects (age = 28.2 + 2.6 years)
participated in a study with a single-blind, sham-controlled, cross-over trial design.
The three tDCS conditions investigated included left cathodal/right anodal tDCS, left
anodal/right cathodal tDCS (2 mA, 12 min each), and sham tDCS (2 mA, 15 sec). The
center of each of two stimulation electrodes was placed over one of the two bilateral
opercular somatosensory regions. Somatosensory-evoked magnetic fields following
noxious intra-epidermal electrical stimulation to the left index finger were recorded
pre- and post-tDCS. The two anodal ("real") interventions significantly decreased the
activity of the opercular somatosensory region associated with somatosensory-evoked
magnetic fields following noxious intra-epidermal electrical stimulation (p < 0.05),
whereas sham tDCS did not (p > 0.05). The results of the second study indicated that
the opercular somatosensory region is a potential tDCS target area for pain
mitigation.

Together, these findings suggest that tDCS might enhance the therapeutic effect of

conventional rehabilitative approaches in patients with motor dysfunction and pain.
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Summary of the results of the doctoral thesis screening

G E O REZENICHMICH LT 12 MM BEOHWVERERZIK T Z LICL0, Mk
2Bk 2 ENFML TS (EESHPIE : transcranial direct current
stimulation, tDCS), HIEFE IX. tDCS DA FEIERED U N U T —3 9 7 E~ORIR
IS Z B LT, tDCS NWEEN R ES L ERICKZTTREEZROLNIT SO, E FE2H
WTCATENERR L MR A E SRR E 1T 72 o 712,

1., EEVAEE SIS 5 tDCS DR ER R

INFECTC—WEHHE (primary motor cortex, ML) Z%F4 A tDCS (. EE)FH T O ik
REXRESNHTVDEIEOD, VALY TF—2a VICBWTEETHLEHFHEOEEL
T 2 RITWH LN SN TV RN oTo, £ 2 CARMIE TIHES FEFIT M I LT
tDCS ATV, FEHZLOERESENEE I N D RET Lo, SIS EE R A 28 4 & 5t 5 &
LT, #rESHm. B, BT A 2 Ao, BBRE I tDCS ORISR
KXoT2®IZH T b, HET 2 —HEOERICSML 72, #$EBRE 1LY B IR O il
EERAREEA R E L, 2ES I WM % £ 24 FFMBICHER URRBE L2 3 L7z, tDCS I
WIH OEE)FEPICHEM L, BT AE A ML E B, A A ML E BB Lz,
VARE O 14 A 13 RIKGRE 1 mA C 25 43 TR L | 14 EE (ORI P AR & (R U BB EL & C &R A O
15 FPREl D 2 1 mA THIPL L 7=, BEFR 0 Ji i i & o e KONGEE A2 T feAn & LTz, T ORERE.
RfEO MM EEHEOEEIL. ME 20 | EZ CIEIWHECAREZZRO T, 24 FFHE% T
IR EE S AR L D b A B E L7 (p < 0.05), Z OFERIX, ML IZx4 5 tDCS 1X
24 Rl O EBIE RO EE(LZRET 2 HFERL TWVD,

2 . JEIBITKT B tDCS D4 2h R

VERRAIBIC X > TIREYV T D BHTHAR FHE IS5 L CREBER KA 2N 2 5 & &R 3 Ml
SNDHZERMBENTWDEN | ZTHETECS DR ITH NS TWihoTo, £ 2
TARMEGE CILBETAFR ZFHIT K LT tDCS 24T 72 W\ JEIRBITRIZ K o THR S 2 TGS 23
Bl 20BN Z A CTHRA Lz, IFFRITEEER A 12425058 LT, BiESH. 4
PRI IR, 7 a0 A4 — R—le T A 2 iz, BBRE X 3 O tDCS b2 Tic &
L7z, tDCS &I 7 Fp 250 M i M & 45 Fr 250 R B0 I (LA/RC) . @72 9 25 ¥ Fa A fil 1%
EA R EMGARIE (LC/RA) . OfAHIE & L7-, LA/RC & LC/RA S I3 AIBL TR 2 mA T 12
Sy VRN L . BRI R 13 W CEMRELE Tl MO 156 MDA 2mA THIE L7, RENE
KA K > THEIN D EHOMWBEYS 2 . tDCS ORI FT % THH LM & L7,
ZOFEF. LA/RC & LC/RA @i G412 38\ T W 9 25358 0 I G 45 08 B S A B IS L (p <
0.05), BRI CIXABEREMLEZRD LT, ZOMBIL, FEHA tDCS &2 H W\ 7KW
P OREERE LTHRATH D AEEZRL T 5,

HEEF L, MLICK 9% tDCS DNEBIHERED E AL ZRET H 2 &, FEIHICK T 5 tDCS
DERFIMH N B2 RT R EEZWHLMMNT L, 2L OHFZEIE, tDCS DA A % EBRE
WRLEZbOTHY, BKMICbARAThLI EEZX NS, ULEORENL ., KFRITE
ML ELTHORNEZAL TS LD L, FEAZBERICBWVWTE2E K THW L7,
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